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IV. SIMULATION RESULTS
In this section, the simulation results for the error perfor-
mance of our FH/MFSK WSN are depicted and analyzed.
Speciﬁcally, we consider the bit error rate (BER) performance
for the sake of unifying the WSN with the conventional one-
hop communication schemes. In this case, the number of bits
per symbol is obtained as b = log2 M, and natural mapping
from binary to M-ary is assumed. In this section, the BER
performance of the FH/MFSK WSN is investigated, when
assuming that signals observed by the local sensors are only
disturbed by Gaussian noise, while the channels from the local
sensors to the fusion center are either Gaussian or Rayleigh
fading channels.
AWGN channel: M=16, L=8
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Fig. 2. BER versus sensors SNR per bit performance of the FH/MFSK WSN,
when communicating over AWGN channels.
Fig. 2 illustrates the BER performance of the FH/MFSK
WSNs, when communicating over AWGN channels. In our
simulations, we assumed that M = 16 frequency bands were
used for FH and MFSK, and the WSN used L = 8 local
sensors. From the results, we can explicitly observe that both
the local sensors’ SNR and the fusion center’s SNR have
strong impact on the overall detection performance of the
FH/MFSK WSN. As shown in Fig. 2, when the channel SNR
is sufﬁciently high, such as 10 dB per bit, the BER decreases
without observing error-ﬂoor, as the sensor SNR increases.
However, when the channel SNR is relatively low, such as
5 or 8 dB per bit, then, BER error-ﬂoors present, when the
sensor SNR increases to a certain level. Furthermore, as seen
in Fig. 2, when the channel SNR is 5 dB per bit, the WSN
cannot work properly, even when the channel SNR is very
high.
In Fig. 3, we illustrate the BER performance of the
FH/MFSK WSNs with respect to various sensor SNR val-
ues, when communicating over either AWGN (Fig. 3(a)) or
Rayleigh fading (Fig. 3(b)) channels. In our simulations, we
assumed that the WSNs employed L = 8 local sensors and the
source event had M = 16 states. As shown in Fig. 3, when the
sensor SNR is not sufﬁciently high, error-ﬂoors appear, when
increasing the channel SNR. The reason for this phenomenon
is that, when the sensor SNR is relatively low but the channel
AWGN channel: M=16, L=8
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(a) AWGN channel
Rayleigh fading channel: M=16, L=8
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(b) Rayleigh fading channel
Fig. 3. BER versus channel SNR per bit performance of the FH/MFSK
WSN, when the WSN employs L = 8 local sensors and M = 16 frequency
bands for FH and MFSK modulation.
SNR is sufﬁciently high, the BER performance of the WSNs is
dominated by the sensor SNR, which does not decreases with
the channel SNR, once it reaches a certain level. By contrast,
as seen in Fig. 3, if the sensor SNR is sufﬁciently high, such
as 15 dB for AWGN channels and 18 dB for Rayleigh fading
channels, the BER performance of the WSNs improves, as the
channel SNR increases. There are no error-ﬂoors observed in
the BER range of interest.
Fig. 4 depicts the BER performance of the FH/MFSK WSNs
employing noncoherent detection, when operated over either
AWGN (Fig. 4(a)) or Rayleigh fading (Fig. 4(b)) channels.
The main objective is to investigate the impact of the number
of local sensors on the achievable BER performance of the
FH/MFSK WSNs. The cases of M = 16 and M = 32 were
considered. In our studies, the sensor SNR was assumed to
be 20 dB for both AWGN and Rayleigh fading channels.
Explicitly, the results show that the BER performance of the
FH/MFSK WSN improves, as the number of local sensors
employed by the WSN increases. However, the gain of perfor-